Gumarabic, a widely used emulsifier, stabilized the substrate of lipase in an emulsion of oil and enhanced the lipase reaction. Pectin, a well-known gelling agent, destabilized the emulsion, and decreased the plasma levels of cholesterol in rats. Little effect of gum arabic on the cholesterol concentration of plasma and liver was observed. These findings might indicate the differences between the effects of gum arabic and pectin on the stability of emulsification and the activity of lipase in vivo.
emulsifiers.1^Gumarabic is particularly useful as an emulsifier. Hence, ingested gumarabic may act in vivo as an emulsifier in the small intestine.
To clarify this possibility,
we investigated the effects of gum arabic on the stability of an olive oil emulsion as a substrate of lipase, on the lipase activity, and on the cholesterol level in rat plasma, and compared with the effects of pectin, which has a powerful hypocholesterolemic effect.1'3~5) 3127 
Materials and Methods
Reagents, Pectin (NF Brown), consists of a main chain of significantly methyl esterified polygalacturonic acid and gells easily in the presence of acid and sugar1{) was donated by Snow Brand Food Co., Ltd. (Tokyo). Gumarabic, solubilizing up to 50% concentration in water and an excellent emulsifier,U) was donated by Matsutani Chemicals Industry Co., Ltd. (Hyogo). Lipase (Type VI-S from porcine pancreas, 16500 units per mg solid and 25000 units per mg proteins: one unit will hydrolyze 1.0 microequivalent of fatty acids from a triglyceride in 1 hr at pH 7.7, 37°C, using olive oil as substrate) was purchased from the Sigma Chemical Co. (St. Louis, MO). Olive oil for the lipase assay was purchased from Nacalai Tesque (Kyoto).
Emulsification of olive oil. The olive oil emulsion was prepared with 4.0ml of olive oil and 23.0ml of distilled water containing 420 /miol ofNaCl, 10 /miol of CaCl2 and 5.6/miol of sodium deoxycholate, using sonication for 2 min with an ultrasonic generator (Sonifer cell disruptor 185 Branson Sonic Power Co., U.S.A.) (at 44W).
Measurement for stability of olive oil emulsion with gum arabic or pectin. Nine ml of gum arabic or pectin buffer solution was added to 8.1 ml of the emulsion. This mixture was mixed for 3hr using magnetic stirrer (M-21, Yamato Science Co., Ltd., Tokyo). One ml of the mixture was pipetted out several times during mixing and diluted to 3/1000 with 0.1% (w/v) sodium dodecyl sulfate solution. Their absorbance at 500 nm decreased with the increasing time because of the instability of the emulsion was measured using a spectrophotometer by the procedure of Pearce and Kinsella.12) Lipase reaction. First, 1.35ml of olive oil emulsion prepared as described above and 1.5ml of 0.4m Tris(hydroxymethyl)aminomethane-HCl buffer, pH 8.0, or 1.0% (w/v) gum arabic or pectin solution in the same buffer were mixed and incubated at 37°C. Then, 0. 15 ml of lipase solution (0.05 mg lipase powder/1 ml of buffer solution) was added to the mixture, and was stirred for about lOmin at 37°C using magnetic stirrer. A sample of the reaction mixture was taken out and the amount of free fatty acids released was assayed colorimetrically.13 '14) Animal experiments. Fifteen male Sprague-Dawley rats 5 weeks old (Nippon Clea Inc., Tokyo) were used after being allowed to acclimate to laboratory conditions for 5 days. They were divided into three groups and maintained individually. Rats were fed on the semipurified diet shown in Table I for 2 weeks. Diet and water were provided ad libitum. The body weight and food intake were recorded every other day for all rats. Blood was drawn from the tail vein on days 0, 2, 4, 6, 9, and 14 and used for analysis immediately. The liver and cecum were weighed after dissection on 14th day; the liver was stored at -20°C until further analysis. Total and HDL-cholesterol, triglycerides, and phospholipids in the plasma were assayed with enzymatic kits (Kyowa Hakko Co., Ltd., Tokyo). Total cholesterol, triglycerides, and phospholipids in the liver were assayed after extraction with a mixture of chloroform and methanol (2: 1, v/v) followed by the same method described for the plasma assay. To examine the difference in the groups depending on dietary fiber, the data were statistically analyzed using Student's f-test. After the measurement of each item, analysis of variance was done to see if differences amonggroups were significant or not.
Results

Experiments in vitro
Changes in the absorbance of the emulsion as a function of time are shown in Fig. 1 . The addition of pectin to the emulsion accelerated the decrease of absorbance, but the addition of gum arabic repressed it. When the concentration of gumarabic was raised to 20%w/v from 0.5% w/v, the reduction of the absorbance was repressed more, indicating that the emulsion becamemore stable. Thus, gumarabic stabilised the emulsion but pectin had the opposite effect. Since the emulsion is the substrate for the lipase, the addition of pectin or gumarabic to the emulsion substrate seems to affect the apparent activity of the enzyme. The effects of gum arabic and pectin on the lipase reaction are shown in the upper and the lower part of Fig. 2 , respectively. In the presence of pectin, the lipase reaction was re- The mixture containing 8.1 ml of emulsion and 9.0ml of buffer, or 1.0% (w/v) pectin or gum arabic (1.0 or 20.0%, w/v) in buffer solution was diluted to 3/1000 with 0.1% (w/v) sodium dodecyl sulfate solution at several times. Then the absorbance was measured at 500nm. Control, O; with 0.5% pectin, #; with 0.5% gum arabic, å ; with 10.0% gum arabic, A-pressed but the addition of gum arabic increased the lipase reaction. The higher concentration of gum arabic led to the higher reaction of the lipase. These results suggest that gumarabic and pectin have promoting and repressive effects on the lipase reaction, respectively and are related to the emulsification ability and the lipase reaction, positively. Consequently, the intake of pectin mayrepress pancreatic lipase activity in vivo, and lowers the fatty acid and cholesterol level in the plasma; gum arabic should have the opposite effect. This possibility was examined in rats.
Experiments with rats
The changes in body weight gain, food intake, liver weight, and cecum weight of rats fed on one of the three diets are shown in Table II . The food intake of rats with or ARL1(the apparent accumulation ratio of total liver cholesterol to ingested cholesterol) was calculated from the division: total liver cholesterol (mg/liver)/ingested cholesterol. Significantly different from control by * 5% (/?<0.05); ** 1% (p<0.01). without dietary fiber was nearly the same. The weight gain tended to be less by dietary fiber groups, but this difference was not statistically significant. Liver weights of rats fed dietary fiber were less than that of the control group, and the difference between rats fed gumarabic and the control rats was statistically significant. Liver weights per 100g of body weight in the 2 test groups were similar to that for the control rats. Whole cecum weights with contents of the 2 test fiber groups were heavier than that of the control. In particular, the rats of the gum arabic group had a remarkable increase in cecum weight. This increase indicates that gumarabic acts as a dietary fiber, similarly to pectin.4' 15) Figure 3 shows the change in the total cholesterol level in the plasma as a function of feeding time. Feeding of the pectin repressed the increase of the cholesterol level, but the effect of gum arabic was small. In Table III , the effects of gum arabic and pectin on plasma and liver lipids on 14th day after the experi- Feeding with gum arabic did not affect the Pectin is known as an effective hypocholesterolemic agent.1~5) Pectin did not stabilize the emulsion in the in vitro experiments as shown above, therefore, pectin does not stabilize the emulsion and the mixed micelles formed in the intestinal tract, and seem to repress the absorption of the cholesterol from the intestinal wall, indirectly. These results were consistent with those obtained by the in vivo experiments using rats. The effects of SDFs on serum cholesterol were compounded as shown in the introduction. Therefore this paper was not enough as a demonstration of the effect of gumarabic on the emulsification in vivo, since this experiment could not be free from other effects. But it is conceivable that the effects of gumarabic and pectin on the cholesterol level in plasma and liver are caused by their emulsion stabilising ability, and the physiological mechanism of SDFs for the cholesterol level might be solved from this point of view.
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